INTRODUCTION
Psychosocial interventions for substance use disorders can facilitate behavior change (1) . However, treatmentspecific mechanisms have yet to be identified (2) , which suggests that treatments may exert their influence through pathways common to different intervention strategies. The actions of attending and deriving relations have been implicated in the development and maintenance of behavioral disorders (3, 4) , including drug dependence (5, 6) , and correspondingly may be two overarching psychological mechanisms by which counseling-based interventions influence drug use behavior.
Substance users are more likely to attend to stimuli related to their substance of choice compared to nonsubstance users (5) , and relatively stronger attentional biases toward drug-specific stimuli are associated with worse treatment outcome (7, 8) . Incentive-motivational theories of drug use postulate that attentional biases toward drugassociated cues are primarily driven by reward-based mechanisms (9) . In line with this perspective, counseling strategies have been developed to help individuals become more attentive to the circumstances surrounding their substance use (e.g., identify people, places, things, or triggers) in order to implement alternative behavioral responses (10, 11) or employ attentional training exercises to shift attending behavior away from drug-related stimuli (i.e., reduce attentional bias) to disrupt the incentivemotivational process promoting drug use (12) . In contrast, the presence of an attentional bias may be influenced by an individual's goals to avoid further substance use (5) . That is, the stimuli may not initiate an appetitive process 146 but promote an avoidance or fear-based process. This notion is supported by the findings demonstrating an attentional bias among cocaine-dependent participants relatively motivated to avoid substance use (i.e., seeking treatment) but not among nontreatment-seeking cocainedependent individuals (13) . Thus, the presence of an attentional bias under these circumstances may highlight an important shift in the motivational processes called forth in the presence of drug-related stimuli.
Drug and alcohol users derive relationships between their substance use and the occurrence of specific consequences, which can differ in both degree and valence. These differences predict variation in substance-related attentional bias (14) as well as substance use in nondependent (15) and dependent populations (16) . Further, the degree to which individuals derive relationships between their substance use and negative consequences prior to beginning treatment predicts reduced use in both alcohol (17) and cocaine (18) abusers. These findings suggest that effective motivational interviewing and cognitive behavioral therapy (CBT) counseling strategies, such as building a discrepancy and working through a functional analysis, respectively, may build upon preestablished beliefs about the negative effects of substance use rather than develop new, or modify, preestablished relationships. Overall, it is believed that counseling strategies that can influence the types of stimuli individuals attend to and the relations individuals derive between their substance use and its consequences can facilitate a better understanding of the circumstances promoting drug use, provide a context for altering the positive incentive value of substance use, and help reduce the frequency of drug use behavior.
This study investigated the prospective relationships between an attentional bias toward cocaine stimuli, the derived relations between cocaine use and positive and negative consequences, and the treatment outcome. Understanding the specific processes promoting attentional biases and how derived relations between substance use and its consequences impact attentional biases and treatment outcome may help identify individual level factors that account for the significant variation in treatment response (19) . Since there is evidence that the association between substance use outcome beliefs and treatment outcome may be dependent on the assessment methods employed (20) , this study utilized both explicit and implicit measures of cocaine effect beliefs.
METHOD

Participants
The study was approved by the Institutional Review Board (IRB) of the New York State Psychiatric Institute. All participants were active cocaine users seeking treatment at Columbia University's Substance Treatment and Research Service (STARS) as part of a study investigating the neurobiological correlates of behavior change during treatment for cocaine dependence (21) . Participants responded to print and radio advertisements distributed throughout the New York City area. The screening evaluation included the Structured Clinical Interview for DSM-IV (SCID-IV) disorders, an independent psychiatric evaluation, and a medical exam. Individuals were eligible to participate if they were between the ages of 21 and 45, met criteria for a current DSM-IV diagnosis of cocaine dependence, and could demonstrate 14 days of abstinence from cocaine prior to the neurobiological assessment procedures. Participants who could not provide 14 days of abstinence from cocaine prior to initiating the study were offered a 2-week inpatient stay to satisfy this requirement. Exclusion criteria included currently meeting criteria for other Axis I DSM-IV disorders, lifetime criteria for dependence on a psychostimulant other than cocaine, reporting the current use of psychotropic medication or the use of opiates, sedative-hypnotics, or cannabis more than twice per week, and/or the presence of severe medical (e.g., hypertension, active hepatitis) or neurological illnesses.
Twenty-five participants completed a baseline assessment session, met inclusion criteria, and gave informed consent to participate in the study. On average, the sample was 37 years of age (SD = 7.1), predominantly male (88%), and was racially mixed (36% Caucasian, 28% African American, 24% Hispanic, and 3% other). A total of 16% of the participants reported not graduating high school, 48% reported having a high-school or equivalent diploma, and 36% reported having more than a highschool education. On average, cocaine was first used at the age of 22 years (SD = 6.7 years) and was being used on 13 of the 30 days prior to screening (SD = 9.0 days). Approximately 35% reported intranasal cocaine use, 15% reported smoking cocaine, and 47% reported using both administration routes. One participant was not able to read and thus did not complete a majority of the assessment instruments. Five individuals did not complete the Implicit Relational Assessment Procedure (IRAP) and self-report instruments but did complete the Drug Stroop assessment. All assessments (IRAP, Drug Stroop task, Cocaine Effects Questionnaire (CEQ), and Cocaine Craving Questionnaire (CCQ)) were conducted during the first week of treatment prior to beginning the counseling sessions.
Treatment Program
The 24-week outpatient program used the Community Reinforcement Plus Vouchers Treatment Approach (22) . The counseling program had two phases (i.e., weeks 1-12 and 13-24). During Phase I participants were scheduled to attend the clinic thrice per week. Participants met with their counselor 1 hour on two of these visits to develop the behavioral skills needed to decrease cocaine use and increase alternative nondrug-use behaviors.
Urine samples were collected on each visit. Participants earned voucher points worth $.25 for every sample that tested negative for cocaine. Participants also received a $10 bonus for every three consecutive cocaine-free urine samples. The number of voucher points earned started at 10 and escalated by 5 points with each consecutive cocaine metabolite-free urine. Missed clinic appointments and cocaine-positive urine samples reset the voucher earnings to the starting value, although participants did not lose the amount of points they had earned prior to the reset. Participants could reclaim their voucher point maximum by providing five consecutive cocaine-free urines. All urine samples were collected under the observation of a staff member and were immediately tested (chromatographic immunoassay) for the presence or absence of benzoylecgonine using the standard National Institute on Drug Abuse (NIDA) cutoff (300 ng/mL). All participants received immediate feedback on the urine analysis and their cumulative voucher earnings at each clinic visit. A maximum of $997.50 in vouchers could be earned for submitting cocaine-free urines on all 36 scheduled treatment visits over the course of 12 weeks.
During Phase II, participants were scheduled to attend the clinic twice per week and met once per week with their counselor for approximately 1 hour. The escalating voucher system was discontinued; instead a New York State lottery ticket was earned for each cocaine-free urine. Counseling sessions were audiotaped and reviewed by a supervising psychologist for fidelity and supervisory purposes.
Measures
Treatment Outcome
The primary outcome variables were the following: (i) the percentage of therapy visits attended (total number attended/total number scheduled), (ii) the total amount of voucher earnings earned (dollar amounts for Phase I; the number of lottery tickets earned during Phase II), and (iii) the total percentage of urines testing negative for cocaine. Since the voucher incentives and the frequency of therapy sessions differed over the course of treatment, the outcomes were calculated separately for each phase of treatment. Entering Phase II of the treatment was also coded (i.e., yes or no) and analyzed as an outcome variable. Scheduled urine samples that were not collected were coded as cocaine positive.
Drug Stroop
The Drug Stroop task requires participants to respond to the color (blue, red, green, yellow) of a drug-related or neutral (nondrug-related) word by pressing the same colored key on a response pad as quickly and accurately as possible (7) . For each trial, a fixation-cross appeared in the center of the monitor screen for 1000 ms and was then replaced by a colored word. Each word remained on the screen until the participant responded or for a maximum time period of 6000 ms. Two blocks of 50 trials, for a total of 100 words (20 words for each for heroin, cocaine, marijuana, mixed drug, and neutral word groups), followed 16 practice trials. A 5-minute rest period was programmed into the task following the completion of the first block of 50 words. The primary measure was interference from cocaine-related words, which was calculated for each participant by subtracting their average response time on neutral words from their average response time to the cocaine words. Positive values (i.e., slower responding to the cocaine words) are interpreted as reflecting an attentional bias toward cocaine-related stimuli.
Implicit Relational Assessment Procedure
The IRAP (23, 24) was employed as an implicit measure of an individual's beliefs about the positive and negative consequences of cocaine use. The IRAP was utilized because it offers numerous advantages over other implicit measurement procedures. In terms of the present study, it provided an assessment of four different implicit relations regarding cocaine use (see below), thus offering a nonrelativistic assessment of implicit beliefs unlike other implicit assessment procedures. The IRAP also has the potential to assess the flexibility with which individuals hold particular beliefs about cocaine use by requiring participants to respond in both a consistent and an inconsistent manner across all presented items.
The IRAP is a computer-based task in which participants were asked to respond quickly and accurately in ways that may be similar or dissimilar to their established beliefs about cocaine use. Data collection coincided with the availability of an early version of the IRAP program (v2005). Participants were exposed to two practice blocks and six test blocks. Each block presented the same 12 trials. For each trial, a category label was presented at the top of the screen (the words "With Cocaine" or "No Cocaine"), one of 12 target phrases in the center (i.e., Positive Phrases: I am sexier, I am in control, I am friendlier, I am nicer, I am talkative, I have no pain; Negative Phrases: I am jumpy, I am paranoid, I am alone, I am tense, I am mean, I want to fight), and the two response options, "true" and "false", in the bottom corners (see Figure 1 ). All the stimuli were presented simultaneously and remained visible until the participant made a response. Selecting a correct term removed all the stimuli from the screen for 400 ms and the next trial was then presented. Selecting the incorrect term produced a red "X", which remained on the screen until the participant selected the correct response term.
A correct response was defined in terms of whether the participant was completing a consistent block or inconsistent block of trials. During a consistent block, participants were required to respond to the four trial types in the following manner: "with cocaine" trials as having positive consequences (e.g., "with cocaine" -"I am sexier" -true) and no negative consequences (e.g., "with cocaine" -I am tense-false) and "no cocaine" trials as having negative consequences (e.g., "no cocaine" -"I am alone" -true) and no positive consequences (e.g., "no cocaine" -"I am friendlier" -false). During an inconsistent block the feedback contingencies were reversed and participants were required to respond to "with cocaine" trials as having no positive consequences (e.g., "with cocaine" -"I am sexier" -false) and having negative consequences ("with cocaine" -I am tense -true) and "no cocaine" trials as having positive consequences (e.g., "no cocaine" -"I am friendlier" -true) and no negative consequences (e.g., "no cocaine" -"I am alone" -false). Thus, each block containing the four trial types (Figure 1 ) could be characterized as being pro-cocaine (consistent blocks) or anti-cocaine (inconsistent blocks) depending on the feedback contingencies in place. The pro-cocaine block (defined here as consistent-relations) was presented first to half the participants and the anti-cocaine (defined here as inconsistent-relations) block was presented first to the other half. The target phrases for each item were taken from items most strongly related to the positive and negative cocaine effect factors on the CEQ (18) .
For the first two practice blocks, participants were informed that it was a practice phase and the experimenter remained in the room to answer any questions during this part of the assessment and observe the participants' engagement with the task. After completing the two practice blocks all participants moved into the test phase of the assessment irrespective of their performance during the practice blocks. The location (bottom right and bottom left) of the two response options for each item (e.g., "true" and "false") varied for every item presentation. The time that elapsed from the presentation of the item until a correct response was recorded (response latency) was used to calculate the D-IRAP scores.
Similar to other implicit assessment methods it is hypothesized that the average response latencies should be shorter for the blocks of items that are consistent with an individual's beliefs compared to blocks that are inconsistent with their beliefs. Thus, individuals who relate cocaine use to positive consequences, or not using cocaine to negative consequences, should respond quicker on the IRAP trials that were categorized as "pro-cocaine" and slower on the IRAP trials that were categorized as "anti-cocaine". An overall index, a D-IRAP score, based on differences in response times between the pro-cocaine and anti-cocaine trials across the six test blocks, was calculated for each of the four trial types and for the overall assessment (22) . The D-IRAP score is an adaptation of the D-algorithm scoring for the Implicit Association Test (25) and functions to characterize the difference in performance between the two response sets (pro-cocaine and anti-cocaine) while minimizing the impact of factors such as age, motor skills, and/or cognitive ability on latency data. A positive D-IRAP score reflects relatively stronger pro-cocaine beliefs (i.e., or slower responding during the inconsistent test blocks compared to the consistent test blocks). In contrast, a negative D-IRAP score reflects relatively stronger anti-cocaine beliefs. In accordance with recommended D-IRAP calculation procedures, one participant's data were eliminated because more than 10% of their response latencies were less than 300 ms.
To assess the internal consistency of the IRAP, test trials were designated as odd or even depending on their order of presentation. Two D-scores, one based on even trials and one based on odd trials, were calculated for the four individual trial types (With Cocaine Positive; With Cocaine Negative; No Cocaine Positive, and No Cocaine Negative), the two category labels: "With Cocaine" and "No Cocaine", and the overall D-score. Split-half correlations between the D-scores calculated from the odd and even trials applying Spearman-Brown corrections were calculated (n = 19 for all reliability analyses). Reliabilities for the individual trial types were as follows: With Cocaine Positive, r = .35; With Cocaine Negative, r = −.15; No Cocaine Negative, r = .47; and No Cocaine Positive, r = .34. The poor reliability for the With Cocaine Negative trials was due to two significant outliers on the even trials (the split-half correlation was r = .44 with the participants removed). Reliabilities for the two category labels and overall score were adequate: "With Cocaine" trials r = .74; "No Cocaine" trials r = .49; and overall D-score r = .85.
Cocaine Effects Questionnaire
The CEQ (18) is a 33-item self-report instrument assessing a participant's belief in the short-term positive and negative consequences of their own cocaine use. Each item is rated along a 7-point Likert scale with the anchors of 1 (never) and 7 (always). Items load on four positively valenced factors (enhanced well-being, sexual enhancement, social facilitation, and pain reduction) and three negatively valenced factors (social withdrawal, aggression, and increased tension). The global positive (the average of the four positive valence factors; Cronbach's alpha = .93 for this sample) and negative effect (the average of the three negatively valenced factors; Cronbach's alpha = .81) scales were used for the present study.
Cocaine Craving Questionnaire
The CCQ (26) is a 45-item self-report instrument developed to assess a general level of cocaine craving and urges experienced over the preceding week (e.g., I want cocaine). Items are rated along a 7-point Likert scale with the anchors of 1 (Strongly Disagree) and 7 (Strongly Agree). The CCQ total score, an averaging of the responses across the 45 items, was used for the present study (Cronbach's alpha = .62).
RESULTS
Treatment Outcome
Treatment and assessment outcomes for the entire sample are presented in Table 1 . Over half the participants completed the first phase of treatment and approximately a third completed the full 6-month treatment program. On average, participants attended a majority of treatment sessions and demonstrated a little more than a month of continued abstinence during Phase I. The attendance rate and proportion of cocaine negative urines were reduced during Phase II, the point at which the escalating voucher system was removed. 
Self-Report Assessments
On average, participants' endorsement of negative and positive consequences of cocaine use were of similar magnitude (i.e., the 95% CIs overlap) prior to beginning treatment. Further, ratings for the cocainecraving questionnaire during the first week of treatment indicated a moderate level of craving at the start of treatment.
Task Performance
On average, participants demonstrated a positive interference score on the Drug Stroop task. However, there was considerable variability around the group mean and the confidence interval included zero, which suggested that an attentional bias toward cocaine-related words was not demonstrated in this sample. On the IRAP task, an overall significant negative D-IRAP was demonstrated. Negative D-scores were also demonstrated across all four trial types. The negative D-score indicates participants responded quicker to the items presented during inconsistent blocks (anti-cocaine) compared to items presented in the consistent blocks (prococaine). This pattern suggests stronger "anti-cocaine" beliefs relative to "pro-cocaine" beliefs. It should be noted that there was considerable variability in both the IRAP and Drug Stroop performances. Approximately 50% of the participants demonstrated relatively stronger "pro-cocaine beliefs" (i.e., a positive D-IRAP) and an attentional bias to cocaine stimuli (i.e., a positive interference score; slower responding to cocaine words).
Relationship between Explicit (Self-Report) and Implicit (Performance-Based) Measures and Treatment Outcome The correlations assessing the prospective relationship between the explicit and the implicit measures with treatment outcome are presented in Table 2 . D-IRAP scores were inversely and moderately correlated with treatment outcomes during the first 12 weeks of treatment. This relationship was strongest for the "With Cocaine Positive" and the "With Cocaine Negative" trial types.
These results indicate participants who exhibited relatively faster reaction times to trials reinforcing a relationship between cocaine use and positive consequences (e.g., "with cocaine" -"I am sexier" -"true") and trials denying a relationship between cocaine use and negative consequences ("with cocaine" -"I am tense" -"false") demonstrated lower treatment attendance rates and proportions of cocaine-free urines. Stroop Interference, CEQ, and CCQ scores were not correlated with treatment outcome during Phase I of treatment. Stroop Interference scores were positively and moderately correlated with the three treatment outcome measures for the second phase of treatment. This indicates that participants who exhibited a relatively stronger attentional bias to cocaine stimuli subsequently were more likely to enter Phase II of the treatment and demonstrated higher treatment attendance rates and a greater proportion of cocaine-free urines. In addition, greater cocaine use in Phase II of treatment was associated with a stronger prococaine belief on the "With Cocaine Positive" IRAP trial types. Similar trends were noted for the "With Cocaine Negative" trials indicating participant responses more consistent with an absence of negative consequences were associated with worse treatment outcome during Phase II of treatment. The overall IRAP, CEQ, and CCQ, scores were not correlated with treatment outcome during the second treatment phase. Table 3 presents the correlations among the explicit (CEQ and CCQ) and implicit measures (Drug Stroop and IRAP). There was a significant negative association between D-IRAP for the "With Cocaine Positive" trial type and Stroop interference scores. This relationship indicates that relatively stronger anti-cocaine' beliefs (slower responding on items that reinforce positive consequences of cocaine use) was associated with a greater attentional bias toward cocaine-related stimuli. The explicit measures were not associated with either the Stroop or IRAP performances. Additional analyses (not shown) controlling for the frequency of cocaine use in the month before treatment did not alter either the magnitude or the direction of the reported findings.
Relationship between the Explicit and Implicit Measures
DISCUSSION
This study found that cocaine-dependent treatment seekers, as a group, derived stronger relations between cocaine use and negative outcomes then cocaine use and positive outcomes when assessed with the IRAP, an implicit assessment procedure. Further, as a group, cocaine-dependent participants did not demonstrate an attentional bias for cocaine-related stimuli. However, individual differences on the IRAP and Drug Stroop measures were prospectively related to treatment outcome while differences on the self-report, or explicit, measures were not. Derived relations between cocaine use and positive consequences and cocaine use and the absence of negative consequences were associated with poorer retention and worse treatment outcome when an escalating voucher-incentive program for cocaine abstinence was in place. Furthermore, a similar pattern of associations were noted when a nonescalating contingency management protocol was in place. A relatively stronger attentional bias to cocaine stimuli was also associated with longer treatment retention and better treatment outcome when a nonescalating contingency management protocol was in place.
The finding that a cocaine-associated attentional bias was associated with better treatment outcome was inconsistent with studies that suggest attentional biases may be prognostic of a poor treatment response (7, 8) . The present results suggest individuals who are more reactive to cocaine-related stimuli may be more likely to benefit from counseling strategies that aim to identify triggers and develop alternative coping responses. However, few studies have directly investigated the clinical implications of attentional biases; thus, continued research in this area is needed to more fully delineate how attentional biases may influence behavior change. Moreover, parameters of the present study may have contributed to the inconsistent findings. Participants in this study were assessed after 14 days of abstinence. Previous studies have included treatment seekers who were actively using at the time of treatment enrollment, which may have selected participants with more severe cocaine dependence. This study also employed an escalating voucher-incentive protocol for cocaine-free urines at the beginning of treatment. Voucher incentives can exert a strong effect on drug use behavior and may have counteracted the deleterious effect of having a strong attentional bias toward cocaine stimuli in the beginning of treatment. Also, the nonescalating voucher protocol was implemented in the second half of the treatment program, thus the effects of the escalating voucher system and participant attrition may have influenced the demonstrated relationship between Stroop performance and treatment outcome during Phase II of treatment. Further research is needed to highlight how specific elements of a treatment protocol alter the prognostic significance of different cognitive processes, such as an attentional bias to cocaine stimuli.
Responding more quickly to IRAP items relating cocaine use to both the presence of positive consequences and the absence of negative consequences (i.e., "prococaine" beliefs) was associated with poorer treatment outcome in the context of an escalating voucher-incentive program that reinforced abstinence from cocaine. Further, self-report assessments of craving and the beliefs about the negative and positive consequences of cocaine use did not correlate with treatment outcome in either phase of treatment. These findings are consistent with other investigations demonstrating a link between substance use outcome beliefs and treatment response (17, 18) . However, unlike previous studies, the relationship was only demonstrated with an indirect measure of an individual's belief about the effects of cocaine use. Evidence suggests that direct and indirect assessment procedures do not always covary (27) and each may have a different relation with drug use (15) . Implicit measures may offer a platform for assessing the strength of beliefs about drug use that reduces the influence of demand characteristics. Moreover, implicit assessment procedures may highlight the role of psychological processes (e.g., motivation) that are not accessible by more explicit assessment methods. Thus, as the current findings suggest, the use of implicit assessment procedures can provide important prognostic information. Future studies are needed to better understand the processes captured by different measurement procedures, how they may influence treatment outcome in the context of different therapy platforms, and the malleability of these processes in response to specific intervention techniques.
It is interesting to note that there was an inverse association between the IRAP and Drug Stroop performances. A stronger attentional bias was associated with IRAP responding that was more consistent with an "anti-cocaine" perspective on the "With Cocaine Positive" trials. Specifically, a stronger attentional bias was associated with IRAP responding relating cocaine use to the absence of positive consequences. This demonstrated relationship is more consistent with the view that threator distress -based processes may drive an attentional bias among treatment seekers (13) . In contrast, the incentivemotivational theory would predict a positive relationship between an attentional bias toward cocaine stimuli and IRAP responding indicative of "a pro-cocaine" belief (the presence of positive consequences, the absence of negative consequences). However, these are preliminary findings and further studies investigating the motivational and cognitive processes driving the Stroop interference effects among treatment seekers are needed.
This study had several limitations. The small sample size prohibited multivariate modeling of the relationship between treatment outcome and Drug Stroop and IRAP performances and may have also increased the chances of not detecting associations that did exist (i.e., Type II error). For example, the correlations between the IRAP trial types and Phase II treatment outcome measures were of a notable magnitude but failed to reach statistical significance. The relatively low reliabilities on the IRAP trial types may have mitigated against finding stronger relationships between these measures and treatment response. However, the overall D-score did demonstrate a stronger reliability and demonstrated a similar pattern of relationships with treatment outcome and explicit measures. The primary objective of the parent study (21) was to investigate the neurobiological correlates of behavior change during a treatment episode. As such longterm post-treatment assessments were not completed. Thus, the present study cannot address the relationship between implicit cognition and long-term post-treatment outcomes. Further investigation of this relationship would be an important addition to the literature. Moreover, while the IRAP effect has been replicated (24) and compares well with other indirect measures (e.g., IAT), it is a fairly new procedure that continues to be researched. Despite these limitations this preliminary investigation indicates that (i) performance-based measures of derived relations and an attentional bias may identify important relationships between specific cognitive and verbal processes and treatment outcome and (ii) the parameters of the treatment platform employed may influence which psychological factors relate to behavior change.
